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ABSTRACT

Declines in Neotropical migratory birds have been observed over the past several
decades. Species with particular habitat needs, termed ‘specialists’, are especially at risk given
continual habitat loss. These downward trends have prompted researchers to investigate species’
life histories and associated habitats to better understand the necessary components for
successful life stages. The Worm-eating Warbler (Helmitheros vermivorum; WEWA) is an
interior specialist with little known regarding its post-fledging habitat needs. I used harnessattached radio transmitters to track fledgling WEWAs in the Tennessee River Gorge to study
habitat components and daily movements. Results between fledgling location and random points
indicate that degrees slope (gradient of a hillside) and leaf litter depth are significant
characteristics of juvenile habitat, and that shrub density and herbaceous cover may also be
determining factors. Daily movements averaged 49 linear meters and moved down slope.
Additional studies will further reveal post-fledging needs and guide conservation actions.
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CHAPTER I
INTRODUCTION

1.1 Neotropical Migratory Songbird Declines and Habitat Loss
Each year, during the spring and fall, over 200 species of landbirds, termed Neotropical
migrants (hereafter referred to as migrants), undertake migratory journeys between North
America and Central and South America and the Caribbean. These exoduses enable birds to
exploit seasonal food sources and mild climatic conditions, benefits which tend to outweigh the
energetic costs and risks of travel Gill (2007). Long-distance migrants have piqued the interest of
bird watchers and scientists for centuries, an interest which has led to the monitoring and study
of migratory species over the years. One long-term, large scale, multi-national monitoring
program, the North American Breeding Bird Survey (BBS), began in 1966 as a collaboration
between the U.S. and Canada. The roadside surveys occur during the height of the breeding
season, and has provided fifty years of monitoring data. The surveys have revealed long-term
population declines for a multitude of bird species.
Analyses have shown that out of 136 migrant species examined, 47% are in significant
decline (Sauer et al., 2013). While not all species and populations exhibit the same levels of
decline, it is generally accepted that many of North America’s Neotropical migratory songbird
species have exhibited declining numbers worthy of concern over the past several decades
(Finch, 1991; Robbins et al., 1989).
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Such declines are largely attributed to anthropogenic activities, particularly habitat
destruction, fragmentation and alteration, as well as overexploitation, invasive species and
climate change (Clavero et al., 2009; Kuussaari et al., 2009; Sodhi et al., 2009), which occur
throughout birds’ migratory routes and wintering and breeding grounds. Multiple factors have
played and continue to play various roles in the declines of Neotropical migrants meaning that
there are often questions regarding what the leading drivers of decline may be for a particular
species. Numerous studies have sought to investigate these drivers so that the causes of avian
declines can be better understood and better mitigated. A comprehensive review of global
biodiversity loss (Dirzo & Raven, 2003) which addressed declines in all eukaryotic organisms
strongly supports habitat loss and alteration as the leading perpetrator of avian species declines.
It details agriculture (crops, livestock), extraction (logging, mining) and development
(infrastructure, dams, residential and the commercial) as the major causes of habitat destruction.
The outright destruction of forest habitat serves as an obvious detractor from avian life cycle
success, in that an area that once provided for wintering, breeding or stopover use is no longer
available to deliver for those needs. Habitat fragmentation, the conversion of a large tract of
continuous habitat into smaller parcels of habitat separated by altered areas, must also be
considered as a contributor to Neotropical declines. Macarthur and Wilson (1967) first brought
the concept of island biogeography to light in 1967, a theory that the size and proximity (to a
source population) of islands determines the number of supported species. Larger islands in close
proximity to a mainland are capable of supporting a high number of species, via the available
habitat and the ease of movement from mainland to island; while smaller islands that are distant
from a mainland support fewer species, given the limited habitat and greater travel distance
separating island from mainland. It is a theory that can be applied to fragmented habitats as well,
2

suggesting that the number of supported species will decline as suitable habitat becomes more
widely dispersed and occurs in smaller patches. Harris (1984) expounds further on this concept
pointing out that a difference between true island biogeography and fragmented habitat exists in
the source continent. He explains that true island biogeography relies on a mainland or continent
from which species are sourced, whereas fragmented habitats do not have a continental source
from which to draw. Rather the fragments act as a source pool for one another, with the source
ever-shrinking.
A concept to consider in conjunction with habitat loss is that of extinction debt, which
describes the time lag between loss of habitat and species extinction (Tilman et al., 1995). It is a
future cost to biodiversity incurred from current and past habitat destruction and fragmentation.
This delayed loss of species is believed to be especially pronounced in habitat specialists with
longer generation times (Kuussaari et al., 2009). Not all avian species, however, exhibit equal
rates of decline. Researchers examining trends in waning populations note that life history
characteristics can dictate a species’ vulnerability. Perhaps unsurprisingly, avian habitat
specialists tend to be at greatest risks of decline due to their specific physiological needs in
relation to their surroundings (Robinson & Sherry, 2012). Broadly, habitat specialization refers
to a species’ success in relation to a range of resources (Devictor et al., 2010). It is no surprise
then that with increasing deleterious habitat alterations come declines in the species that rely on
particular biotic and abiotic resources of certain habitats for the success of their life processes. A
study by Şekercioğlu, Daily, and Ehrlich (2004) suggests that, by the year 2100, 41% of avian
habitat specialists will be extinction-prone, meaning a species that is either extinct, threatened
with extinction in the next 10-100 years, or likely to qualify for a threatened category in the near
future. Of the Neotropical migrants, insectivorous ground-nesting wood warblers (Parulidae) can
3

be especially vulnerable to declines in habitat quality and size, and have been found to be largely
absent from fragmented forests in their range (Blake & Karr, 1984; Robbins et al., 1989). Such
findings may be attributed to reduced reproductive success and survival due to edge-associated
predators and brood parasites, such as cowbirds, and absence of suitable nesting and foraging
habitat size and quality (Robbins, Dawson, et al., 1989).
Taking in to account observed and predicted declines of migrants, the role of habitat
degradation in those declines, and the heightened vulnerability of specialist species to loss of
habitat, the cause for concern and call to action is great. It is imperative that researchers continue
to gather data on all aspects of species’ life cycles so that as the drivers of species declines
continue, and in light of past impacts, more may be understood regarding the needs of each
species for survival, success and production of future generations. Having complete knowledge
about life stage needs can then be applied to conservation and management activities targeted at
protecting and improving the habitat attributes that are crucial for species persistence.

1.2 Post-fledging Life Stage
Given the observed avian population declines, and the ever-mounting pressures on avian
life cycle needs, it is increasingly important for conservationists to have a firm understanding of
all stages of the annual migrant avian life cycle. These stages are broadly broken into
overwintering, vernal migration, breeding, molt, and autumnal migration (Gill, 2007). For the
young produced during the breeding season, the period between the breeding and autumnal
migration stages is referred to as the post-fledging stage (Cox et al., 2014). During this time after
the juveniles have left the nest the young birds must develop their flight skills, avoid predation
and learn to forage in the months leading up to fall migration (Gill, 2007). The first portion of
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post-fledging is generally spent with one or both parents, until the young birds gain
independence and disperse greater distances from the natal territory. The amount of time that
juvenile passerines remain under the supervision of parent birds varies between species, but is
generally from 2 to 3 weeks (Cox et al., 2014; Gill, 2007). During that time parent birds will help
to feed the young and protect them from predation as they hone flight skills, learn to forage, and
evade predators. It is during these first weeks after leaving the nest that mortality rates are
highest (Anders et al., 1997; Cox et al., 2014). Post-fledging mortality is due largely to the
inherent vulnerability of the young birds, given their inexperience in detecting/avoiding
predators, their inadequate flight skills, and inexperience with locating food. Predation,
starvation and exposure are all factors in juvenile deaths (Anders et al., 1997; Gill, 2007; NaefDaenzer et al., 2001; Vitz & Rodewald, 2011). Juvenile body condition (measured in mass) and
the presence of ideal habitat components at the time of fledging are major factors affecting
fledgling survival; with higher mass being associated with higher survival rates (Anders et al.,
1997; Cox et al., 2014; Naef‐Daenzer et al., 2001; Vitz & Rodewald, 2011). For forestbreeding passerines the presence of dense understory has been observed as a characteristic of
post-fledging habitat (Anders et al., 1998; King et al., 2006; Vitz & Rodewald, 2011), likely due
to the protection it provides against detection and predation as young birds remain largely
hidden. Habitat quality can also be linked to nestling fitness, as an increased quality of food
availability and concealment from potential predators contribute to higher nestling survival rates
and higher mass, and therefore a higher likelihood of survival after fledging (Vitz & Rodewald,
2011).
Survival estimates vary between species and there exists a major deficit in empirical data
regarding post-fledging survival rates in woodland passerines, due in large part to the difficulty
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in conducting such studies (Anders & Marshall, 2005; Cox et al., 2014; King et al., 2006;
Marshall et al., 2003; Pagen et al., 2000). While certain aspects of the post-fledging period are
well studied, it is nonetheless regarded as a life stage lacking in empirical data. Relatively little is
known regarding the movements, survival rates and habitat utilization of juvenile birds after they
leave the nest and prior to fall migration. This gap in knowledge is due in large part to the
difficulty of studying birds during a naturally furtive stage, during which time they are difficult
to detect and/or track.
The lack of post-fledging data for most Neotropical migrant species, coupled with the
increasing pressures of habitat loss and other factors on population success, make clear the
importance of closing those data gaps in order to better understand and manage for specific life
stage needs. If researchers, managers and conservationists are to truly combat the forces at work
against avian species by protecting, restoring and properly managing needed habitat, they must
first understand the critical habitat attributes contributing to each species’ post-fledging success.

1.3 Worm-eating Warbler
The Worm-eating Warbler (Helmitheros vermivorum; WEWA) is a wood warbler with
breeding grounds in the eastern United States, and wintering grounds in southern Mexico,
portions of Central America and the Caribbean (Fig. 1).
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Figure 1 Breeding, migration and wintering range distributions of the Worm-eating
Warbler (A. Vitz, Hanners, & Patton, 2013)

WEWA breeding grounds consist primarily of mature deciduous and mixed deciduousconiferous forests associated with moderate to steep hillsides and availability of dense shrub
patches. This species is area sensitive, and shown to depend on large, contiguous forested tracts
for its single-brooded breeding season (Donovan & Flather, 2002; Vitz et al., 2013). The highest
densities of nesting pairs have been observed in large, unfragmented forests consisting of many
hundred hectares (Gale et al., 1997; Robbins et al., 1989). In addition to forest size, habitat
components such as slope, understory vegetation structure and presence of leaf litter are believed
to be key factors in selection of breeding territory, as WEWAs are ground-nesters and tend to
move and forage among the shrub layer, though spend time in the canopy as well (Vitz et al.,
2013).
According to BBS data, WEWAs appear to be stable as a species, though have shown
regional declines through parts of their range, including Tennessee (Sauer et al., 2013). In light
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of such regional declines it has been included in Tennessee’s State Wildlife Action Plan (SWAP)
as a species of greatest conservation need (Team, 2015). Partners in Flight (PIF), a North
American collaboration of multiple agencies and organizations focusing on avian conservation,
identify WEWAs as a U.S.-Canada Stewardship Species (UCS). PIF describes UCS species as
those with ranges restricted to particular biomes or regions, with specific ecological
requirements, which need at least regional conservation attention ("Partners in Flight Science
Committee 2012. Species Assessment Database,") .
In light of regional declines of WEWA numbers along with worldwide downward trends
of avian populations, and given the continuing anthropogenic impacts on habitat and climate, it is
rational to assume that this species will likely exhibit broader decreases in population size over
the coming decades. Combining habitat specialist requirements with ever-increasing habitat
destruction/fragmentation across WEWA wintering, migratory and breeding ranges, and
considering the potential lag time in declining population numbers, increasing population decline
and eventual species loss is a likely scenario. Such crashes are already being observed in species
such as the Cerulean Warbler (Setophaga cerulea) and Golden-winged Warbler (Vermivora
chrysoptera), both Neotropical migrants considered habitat specialists and both exhibiting annual
declines estimated at -2.5-3% observed over the past 40 years, with habitat loss being considered
the major driver behind those declines (Hamel et al., 2004; Buehler et al., 2007). Such
foreboding signs have prompted studies on many Neotropical migratory species including
WEWAs, so that aspects of their life stage may be better understood and, hopefully, better
protected. Aspects of WEWA life history that are the least known and in greatest need of
additional data are the post fledging period as well as migratory patterns (Vitz et al., 2013; Vitz
& Rodewald, 2010). Relatively little is known about the movements and micro habitat features
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of the juvenile birds in the weeks between leaving the nest and dispersing from the natal territory
prior to fall migration. This post-fledging data gap has been addressed primarily by a multi-year
study in the Ohio Hills region in southern Ohio. Those efforts investigated Worm-eating
fledgling movements within and beyond natal territories, as well as the influence of fledgling
condition and habitat use on survival rates (Vitz & Rodewald, 2010, 2011). Breeding season
studies have also been conducted on WEWAs in Connecticut (Gale et al., 1997), Missouri
(Wenny et al., 1993), eastern North Carolina (Watts & Wilson, 2005) and southern Indiana (P.
Ruhl, personal communication, February 1, 2016); though none of those studies focused on postfledging habitat use and movements. No previous studies have been conducted on WEWA postfledging habitat use or movements in the southern Appalachian or Cumberland Plateau regions.
The gap in post-fledging data coupled with the observed regional declines in Tennessee has
made the case for a study investigating the habitat use and movements of juvenile Worm-eating
Warblers in south-eastern Tennessee. It is important to recognize the value of each species’ role
in a properly functioning ecosystem. Should the Worm-eating Warbler face increasing declines
and possible extinction, it could have negative consequences for the ecosystem, as these birds
play an important role in such ecological facets as predator-prey dynamics and nutrient cycling.
In addition, as forest interior specialists, declines in Worm-eating Warbler populations serve as a
warning of the extent to which large, healthy tracts of continuous forest are being lost or stressed.
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CHAPTER II
THESIS RESEARCH

2.1 Research Questions and Intent
The intent of this investigation was to gather empirical data on the post-fledging habitat
use of Worm-eating Warblers in the Tennessee River Gorge. Little is known about the defining
characteristics of Worm-eating Warbler post-fledging habitat (Vitz et al., 2013). Namely, the
micro-habitat features that are key for young birds’ foraging and predation avoidance prior to
dispersal and fall migration (Anders et al., 1998). No study has previously been conducted in the
south-eastern portion of this species’ range, and the Tennessee River Gorge is vast swath of
largely undeveloped forest habitat with ongoing and potential conservation and management
activities. Such studies at both regional and range-wide scales can provide land and wildlife
conservationists with valuable information on life stage needs, which can then help direct land
management activities. I pose the following questions:
1) Are there differences between the measured microhabitat components of Wormeating Warbler post-fledging habitat locations and those of associated random locations?
Measured differences in microhabitat components between locations where juveniles are
observed and associated random points can indicate whether the juvenile locations exhibit
specific qualities which make those locations more conducive to fledgling presence (Vitz &
Rodewald, 2011). The ultimate goal of such questioning is in being able to identify the
characteristics that define ideal post-fledging habitat at a fine scale.
10

2) What, if any, measured microhabitat features exhibit defining correlations with
Worm-eating Warbler fledgling presence? While many measurable habitat components may
play a role in juvenile presence, certain components are likely more influential than others. For
instance, understory vegetation structure has been suggested as a significant habitat variable in
previous juvenile songbird studies (Rivera et al., 1998; Vitz et al., 2007). Additional vegetative
structural components such as canopy coverage and ground cover are also standard measured
variables when assessing woodland bird habitat (Bakermans et al., 2012; Ralph et al., 1993).
Investigating which microhabitat features exhibit the strongest association with juvenile presence
serves to provide detailed data for a poorly understood life stage.

2.2 Study Area
The Tennessee River Gorge (the Gorge) is a 42 km long section of the Tennessee River
that comprises a 10,926 ha expanse of river canyon (Fig. 2). The Gorge carves through the
Cumberland Plateau stretching from west of Chattanooga at William’s Island to Nickajack Dam
just south of Jasper, TN, and is overlooked by Walden’s Ridge to the North and Aetna Mountain
to the South. The top of the Gorge is ringed by a sandstone bluff (Churnet, 1997), below which
occur steep sloping woodlands which fall, interspersed by shelves, to riparian woodlands and
open lands, and the river itself. Broadly, the Gorge consists of primarily of mixed-mesophytic
and xeric forests (Bridges et al., 1984). More specifically, numerous ecological communities
patchwork the Gorge, with large occurrences of Southern Appalachian Oak, Southern Interior
Low Plateau Dry-Mesic Oak, South Central Interior Mixed Mesophytic and Ridge and
Valley/Cumberland Dry Calcareous Forests occurring below the bluff line (Jacobs, 2016). These
communities are typically dominated by oak or oak/hickory mix, with varying floristic
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compositions of the shrub and herbaceous strata, as well as varying soil and geomorphological
components. Roughly three quarters of the land in the Gorge is under some form of protection
from being developed or degraded, via fee simple ownership, conservation easement or
management agreement. The Tennessee River Gorge Trust, a non-profit land conservation
organization in Chattanooga, protects over 6,880 ha within the Gorge. The Tennessee Wildlife
Resources Agency and the Tennessee Valley Authority also own and protect large tracts within
the Gorge. The steep slopes, mature deciduous forests and contiguous expanse of undeveloped
lands characteristic of the Gorge provide ideal breeding habitat for Worm-eating Warblers, given
their status as an interior species and use of slopes for nesting (Vitz et al., 2013).

Figure 2 Topographic Map of the Tennessee River Gorge

2.3 Research Methods
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The initiation of each field season began with conducting avian surveys on target study
sites throughout the Gorge. Study sites were chosen based on vegetative and geomorphological
composition well-suited to the known breeding tendencies of Worm-eating Warblers. Such
designations were made by studying existing land cover and topographic information of the
Gorge properties, followed by ground-truthing sites to confirm suitable breeding habitat. Such
sites occur throughout the Gorge, on both the North and South sides of the river. A limiting
factor was that of feasible access, as some suitable areas were not reasonably accessible via road
or foot travel. Study sites occurred primarily on Tennessee River Gorge Trust Property, as well
as on state government (Tennessee Department of Agriculture), federal government (Tennessee
Valley Authority) and privately-owned parcels for which access was granted (Fig. 3).

Figure 3 Study Areas throughout the Tennessee River Gorge

13

2.3.1 Field Season Descriptions
I conducted avian surveys over three summer seasons, 2014-2016. In Year 1 I conducted
avian point counts throughout the Gorge to gather data on the presence and abundance of
breeding migratory species. In Year 2 I conducted meandering strip transect surveys to locate
breeding pairs of WEWAs, I netted and attached radio-transmitters to adult male WEWAs, I
tracked the males with fledglings, and I conducted habitat assessments at their daily locations. In
Year 3 I conducted meandering strip transect surveys to locate breeding WEWA pairs, I nestsearched and selected a single fledgling from each nest, I attached radio transmitters to selected
fledglings and tracked them daily, I conducted habitat assessments at daily locations, and I
performed statistical analyses on the collected data. A detailed breakdown of each field season’s
activities is described below.
Season 1 occurred from late April to mid-June in 2014, generally considered the height of
the breeding season for Neotropical Migrants in temperate North American (Sauer et al., 2013).
Avian point counts were conducted on study sites in the Gorge along routes that allowed for
comprehensive coverage of study areas. Points were set using a Trimble Yuma 2 GPS unit and
were spaced ~150m apart to ensure that observed birds were not counted multiple times.
Auditory and visual observations were five minutes in duration at each point, during which time
birds heard and seen within a 25m radius were recorded on a data sheet (Bibby et al., 2000). The
season’s point count observations allowed for evaluation of the occurrence of breeding
Neotropical migrants throughout the Gorge to ensure the feasibility of study.
Season 2 began at the end of April, 2015. Avifaunal surveys were conducted throughout
study areas along meandering strip transects that followed the natural/navigable contours of the
landscape, a method described by Bibby (2000). Each property was surveyed weekly beginning
14

within a half-hour of sunrise and ending by 1100 EST. Birds detected via sight and sound ~25m
to either side of the transect were recorded. This method of surveying was chosen over the
previous season’s point count method given the ability to cover greater distances and the intent
to conduct presence/absence surveys targeting the Worm-eating Warbler. Singing males were
documented along survey routes via GPS points and those locations were returned to in
following days to determine if pairing and nesting activities were taking place. The goal was to
first verify that birds were paired and nest-building, and then to utilize mist netting and playback
to capture the territorial male and track him to the nest site. This task was accomplished with the
use of a nylon mist net (6 m x 2.6 m, 30 mm mesh) and collapsible aluminum poles and a
portable speaker with remote control that was programed to play the Worm-eating Warbler song
and calls. Once captured, the male bird was banded with a standard U.S. Geological Survey
(USGS) aluminum band; measurements were taken for unflattened wing chord, rectrices length
and tarsal length (in mm), weight (in grams), and fat content (0-6 point scale, (Helms & Drury,
1960). Cyanoacrylate was used to affix activated VHF radio transmitters (0.31 gram Holohil
Systems, Ltd. brand, LB-2X model) to the back between the scapulars. Investigators must decide
upon a method of transmitter attachment which must be both safe for the organism and wellsecured to ensure it remains fixed in place. Two attachment techniques are used for passerine
studies: glue-on attachment or fitting the bird in a leg-loop harness, to which the transmitter is
affixed. In both cases the transmitter is situated on the bird’s back, slightly below the wings
(Anders et al., 1998; Anich et al., 2009; Mong & Sandercock, 2007; Streby et al., 2015; Vitz &
Rodewald, 2011). A general rule for avian studies is that attached transmitters and associated
materials should not be more than 3% of the bird’s total body mass (Millspaugh & Marzluff,
2001). The efficacy and success of attachment methods can differ between species, and thus far
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only studies using the leg-loop harness method had been conducted on Worm-eating Warblers
(Vitz & Rodewald, 2010, 2011). Transmitter frequency was in the 148 MHz range. A 148 MHz
receiver (Communications Specialists, Inc. brand, R-1000 model) and two element Yagi brand
antenna were used for telemetry tracking. Successfully tagged birds were located daily by the
emitted radio signal, a GPS point at that location was taken, and visual observations of the bird’s
activity were recorded. Once tagged birds were no longer able to be located using the receiver
and antenna they were assumed to have dispersed beyond a detectable distance or a land feature
across which the transmitter’s signal could not be picked up. Habitat assessments were
conducted at the recorded waypoints where the tracked males were observed. Habitat assessment
methods were modified from the methodology described by Wenny et al. (1993). Assessment
plots (10 m x 10 m) were established, centered over recorded waypoints. Vegetative included
percent canopy cover as measured by a densitometer; visually estimated canopy height in meters;
percent groundcover of herbaceous layer, measured by visual estimate of percent herbaceous
cover within a 1 m2 PVC quadrat that was placed at 2.5 m from center point along an E/W line or
along N/S line (directionality alternated between sites); Diameter at breast height (DBH) of
woody trees within the plot; and presence versus absence of invasive plant species, notably
Chinese Privet (Ligustrum sinense) and Eurasian Bush Honeysuckle (Lonicera spp.), given their
prevalence in the project region. Geographic and structural survey included aspect via compass;
degree slope via TiltMeter iPhone application; and visual estimate of percent presence of coarse
woody debris (CWD), leaf litter and rocks > 0.5 meter in approximate diameter within plot.
Season 3 began at the end of April, 2016 and, like the previous year, implemented
meandering strip transects to locate Worm-eating Warblers on study sites throughout the Gorge.
In place of utilizing a GPS unit to record Worm-eating Warbler locations I used Collector for
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ArcGIS mobile application, an Environmental Systems Research Institute (ESRI) product that
serves as a GPS data collector on a personal smartphone (iPhone 5S).
2.3.2 Nest Searching
Once breeding pairs were located I nest-searched by observing male and female behavior
and movements, such as carrying material in bill and making repeated quick flights to the same
place. Notably, females build the nest while males sing from a nearby perch (Vitz et al., 2013).
Exact nest location was found by visually inspecting the area on the ground where the female
made repeated trips until the nest cup was seen. A point was collected in Collector to denote a
nest location and identifying flagging was hung approximately 10 meters or greater from the nest
so as not to attract predator attention to the nest site, as described by Martin and Geupel (1993).
If a nest was found without eggs it was revisited and viewed from as great a distance as possible
until a determination could be made as to the presence of eggs and/or brooding behavior was
observed from the adults, during which the male delivers food to the incubating female. A mean
13 day incubation period (Vitz et al., 2013) would then be assumed, and the site would be
checked again at the anticipated date of hatching to inspect for hatchlings and/or feeding
behavior from the adults. Visits to nest sites were limited in an effort to reduce visual and
olfactory trails which could potentially lead predators to the nest vicinity, as described by Martin
and Geupel (1993).
2.3.3 Handling and Transmitter Application
If a nest was discovered with hatchlings, age was determined by visually comparing the
nest birds with photographs of daily-aged hatchlings online. Once age of hatchlings was
estimated, a nest was not revisited until the anticipated date of fledging. Mean nestling period is
ten days, but nests were approached at approximately day eight to help ensure that young would
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not fledge prior to the check date (Vitz et al., 2013). A nest with juveniles at fledging age would
be approached and as many fledglings as possible would be collected by hand and placed in a
bird bag. Each fledgling would be weighed (100 gram Pesola scale) and the fledgling of greatest
mass would be selected for a 0.31 gram (LB-2X model, Holohill, LLC) radio transmitter via a
leg-loop harness. Any additional fledglings would be banded with an aluminum USGS band and
distinct color band and released near the nest, generally where the adults remained. The fledgling
selected for the transmitter attachment was similarly banded with an aluminum and distinct color
band, and was fitted with a figure eight leg loop harness hand-constructed with lightweight
elastic sewing thread, as first designed by Rappole and Tipton (1991) and as improved upon by
Streby et al. (2015) (Fig. 4). Prior to placing harnesses on fledglings, I captured an adult Wormeating Warbler utilizing the remote mist net and playback speaker method as previously
described. With multiple pre-made harnesses differing in leg loop opening size by 1 mm, I fitted
the adult with the various harnesses until an appropriate sizing was determined. An appropriate
fit is one that holds the harness material firmly in place against the body of the bird, while still
allowing for natural, unencumbered movement of the legs and wings. A harness with 16 mm leg
loop openings was determined to be the best fit and was used for the fledglings, given that their
body size at fledgling is equal to that of an adult, with feathers being the only difference in body
form during the juvenile stage. Once morphometric measurements had been taken on a fledgling
and it had been fitted with a harness and activated transmitter, it was released at the nest site or
wherever the adults and brood members were in the shrub layer nearby.
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Figure 4 Handmade figure eight style leg loop harness with attached radio transmitter. Harness
with antenna (a) Leg loop measured at 16 mm (b) Fledgling in harness with transmitter centered
on back and antenna extending posteriorly (c)
2.3.4 Radio Tracking
Tagged fledglings were then located each day on foot using the volume and strength of
the signal through the receiver to pinpoint and visually confirm the bird’s location. Approaches
were made slowly so as not to flush the fledglings. Notes were taken regarding the fledgling’s
activities, proximity to and interactions with adult(s) and other fledglings, and any other notable
occurrences during the observation period. Once the fledgling moved from the area, its observed
location was recorded with Collector App and flagging with the date and fledging identification
number was hung. The time of day that sites were visited and fledglings were tracked rotated
daily, to account for any varying behaviors according to time of day. Fledglings were tracked in
this fashion until a signal could no longer be acquired for several days in a row, at which point it
was assumed that the birds had moved further from the natal range at too great a distance to be
detected.
In addition to tracking radio-tagged fledglings, I also used the same transmitter/harness
method to track adult male parent birds with fledglings. The parent birds, once observed with
fledglings, were captured using mist net and playback speaker. Measurements were taken and the
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birds were banded, color banded, and fitted with a harness and transmitter. This was intended to
be a secondary method of tracking fledgling location, because by locating the parent bird it was
then possible to locate the fledglings in its care. The same tracking, approaching, observation,
and point marking methods were used.
2.3.5 Habitat Assessment
Once birds were no longer within tracking range, habitat assessments (HA) were
conducted at the recorded location points. Methodology was modified from those used by Vitz
and Rodewald (2011), James and Shugart (1970), Peterson et al. (2015), and MacArthur and
MacArthur (1961). For each point, HA was conducted at a paired random point 50 meters away,
in a cardinal direction as determined by a random numbers generator. As explained by Vitz and
Rodewald (2011), the 50 m separation distance could allow for variations in microhabitat
characteristics while still being close enough for the fledglings to easily reach. At each point, a 5
meter diameter study plot was established and marked at the edges with pin flags. Slope was
measured using TiltMeter App for iPhone. For percent canopy coverage a photograph was taken
directly above the center point of the canopy at 2 m height with a 12 megapixel camera. A photo
was also taken at .25 m height at that point to account for herbaceous vegetative coverage.
Photos were later downloaded and ImageJ program (Rasband, 1997) was used to convert the
photos to binary, which turned sky pixels white and vegetation pixels black, after which the
percentage of black pixels was used to determine percent canopy cover and percent sub-canopy
cover.
A 1 m2 quadrat was placed over the center point of the plot. Within the quadrat, leaf litter depth
was measured in centimeters, percent herbaceous coverage was visually estimated, and percent
coarse woody debris (CWD) and percent rock were visually estimated. All percent estimates
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were to the nearest 10%. This method of quadrat measurements was then repeated at each of the
four corners of the study plot.
Lateral vegetation density was measured using a 2.0 m x 0.25 m profile board, with eight squares
of alternating black and white color blocks. The board was secured vertically at each plot corner,
and the percent of vegetation (to the nearest 10%) obscuring each block, as viewed from 5 m
distance was recorded.
The presence or absence of invasive shrub species was recorded, namely Bush Honeysuckle and
Chinese Privet. Presence was denoted as 1 and absence as 0.
The same HA methodology was used at nest locations and associated random points. The
presence or absence of a “shotgun pit” (micro-slope depression within the larger contour of the
landscape) was also recorded, as previous studies have indicated that WEWAs may prefer to
build nests in such features (Vitz et al., 2013).
2.3.6 Fledgling Movement Mapping
ArcGIS Collector App was used to map daily locations of tracked fledglings. The logged
coordinates were then saved in a web map in ArcGIS Online. Daily movements (in meters) were
measured and visual maps were created in ArcMap, using the collected features, to exhibit the
movements of each fledgling over the duration of their tracked days. These maps are shown
(Figs. 10-13) and movement discussed below.
2.3.7 Statistical Tests
I used the statistical program SPSS (IBM SPSS Statistics 2016, version 24) to test if the
collected habitat data were consistent with normal distribution via the ‘Descriptive Statistics Explore’ function, and I then ran univariate analyses of variance (ANOVA) tests for metrics with
normal distributions. Specifically, ANOVAs were conducted to test for significant differences
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between fledgling site habitat metrics and random site habitat metrics. Response variables were
habitat metrics, and fledgling number was the fixed factor predictor variable. For non-normal
distributions, which included LLD, shrub layer density, herbaceous cover and rock cover,
analyses were performed with Kruskal-Wallis nonparametric tests. These analyses were also run
to test for significant differences between fledgling site habitat metrics and random site habitat
metrics. In the case of ANOVA and Kruskal-Wallis test results exhibiting significance (<0.05),
post hoc Tuckey tests and pairwise comparisons (respectively) were used to investigate the
difference between subjects. The resulting F, H and P values are described below.
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CHAPTER III
RESULTS

3.1 Post-fledging Habitat Metrics
The results of the ANOVA and Kruskal-Wallis tests performed on the habitat data are
presented according to significant, non-significant trend, and non-significant values.
3.1.1 Significant Difference Between Fledgling/Random Sites
LLD:
The fledgling sites differed significantly on average in leaf litter depth (LLD) from the random
points and from one another (H3,29 = 12.014, p = 0.007; Fig. 5a). Specifically, the fledgling 1 site
experienced significantly greater LLD than fledgling 2 site and from the LLD at the random
points (Kruskal-Wallis pairwise comparison = 18.292, p = 0.010; Fig. 5a). Fledgling 2 site
experienced LLD that was significantly less than LLD at the random points (Fig.5a). No other
significant differences between sites occurred, and fledgling sites 3 and 4 did not differ
significantly in LLD relative to the random points (Fig. 5a).
Slope:
The fledgling sites differed significantly in slope from the random points on average (F3,29 =
9.83, p = 0.0; Fig. 7a). Specifically, the fledgling 1 site experienced significantly higher slope
than the random points and fledgling sites 2, 3 and 4 (Tukey’s HSD = 30.61, p = 0.007; Tukey’s
HSD = 28.66, p = 0.001; Tukey’s HSD = 32, p = 0.0, respectively; Fig. 7a). Fledgling sites 2, 3
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and 4 did not experience significantly different slope between one another and did not experience
slope that was significantly different from the random points (Fig. 7a).
3.1.2 Non-significant Trends Between Fledgling/Random Sites
Shrub layer density:
The four fledgling sites did not differ significantly in shrub layer density from the random points
(H3,29 = 7.764, p = 0.051; Fig. 5b). However, there was a non-significant trend suggesting that
shrub layer density may differ among fledgling sites – relative to random points; but again, these
differences were not significant. Importantly though, all fledgling sites experienced greater shrub
density than the random points (see confidence intervals in Fig. 5b).
Herbaceous cover:
The four fledgling sites did not differ significantly in herbaceous cover from one another (H3,29 =
7.095, p = 0.069; Fig. 5c). However, there was a non-significant trend suggesting that herbaceous
percent cover may exhibit higher measurements at some fledgling sites than others; but again,
these differences were not significant. Importantly, three out of the four fledgling sites
experienced herbaceous cover that was significantly greater than the random points (see
confidence intervals in Fig. 5c).
3.1.3 Non-significant Values Between Fledgling/Random Sites
Canopy:
The four fledgling sites did not experience significantly different canopy coverage from the
random points and did not differ significantly from one another in canopy coverage (F3,29 = 1.61,
p = 0.209; Fig. 6b).
Sub-canopy:
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The four fledgling sites did not experience significantly different canopy coverage from the
random points and did not differ significantly from one another in sub-canopy coverage (F3,29 =
0.713, p = 0.552; Fig. 6c).
Coarse Woody Debris:
The four fledgling sites did not experience significantly different CWD from the random points
and did not differ significantly from one another in sub-canopy coverage (F3,29 = 0.791, p =
0.509; Fig. 7b).
Rock cover:
The four fledgling sites did not experience significantly different rock coverage from the random
points and did not differ significantly from one another in rock cover (H3,29 = 6.148, p = 0.105;
Fig. 7c).
Invasive Vegetation Presence:
The four fledgling sites did not experience significantly different presence of invasive vegetation
from the random points and did not differ significantly from one another in invasive vegetation
presence (F3,29 = 0.27, p = 0.846; Fig. 6a).
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Figure 5 (a) Leaf litter depth (LLD), (b) shrub density, (c) herbaceous cover differences between
fledgling site and random site locations among 4 fledglings. Whiskers indicate +/- 95%
confidence interval. If the confidence interval overlaps with zero, this suggests that the fledgling
site did not differ significantly from the random points (i.e. there was no significant difference)
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Figure 6 (a) Invasive vegetation, (b) canopy coverage, (c) sub-canopy differences between
fledgling site and random site locations among 4 fledglings. Whiskers indicate +/- 95%
confidence interval. If the confidence interval overlaps with zero, this suggests that the fledgling
site did not differ significantly from the random points (i.e. there was no significant difference)
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Figure 7 (a) Slope, (b) coarse woody debris (CWD), (c) rock coverage differences between
fledgling site and random site locations among 4 fledglings. Whiskers indicate +/- 95%
confidence interval. If the confidence interval overlaps with zero, this suggests that the fledgling
site did not differ significantly from the random points (i.e. there was no significant difference)
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3.2 Nest Site Metrics
Nest site and associated random point habitat metric differences are presented in Table 1.
Given the small sample size and the absence of replication for these data, no statistical tests were
performed. Mean differences between nest and associated random point measurements indicated
that random points had higher canopy coverage and rock presence, and minimally higher subcanopy coverage; and that nest sites had higher degrees slope, LLD, % herbaceous coverage,
shrub density, CWD, microslope features and invasive plants species.

Table 1 Differences in habitat metrics between six WEWA nest sites and associated random
points. Average difference between nest and random points presented in bottom row
Nest site minus associated random point habitat metrics
Site

Canopy

Subcanopy

Slope

LLD

Herbaceous

Shrub

CWD

Rock

Microslope

Invasive

1

-5.6

0.6

20

0.2

20

15.9

2

0

1

1

2

1

8

6

3.4

-42

-13.9

0

0

0

0

3

-6.7

-14

22

-0.2

50

7.5

4

-8

1

0

4

-13.3

-13.8

33

2.6

-34

22.6

-2

-4

1

0

5

2.3

14

-15

5.9

37

11.3

4

-4

0

0

6

-5.6

3.2

50

6.7

44

35.7

6

-4

0

0

Avg.
Diff.

-4.64

-0.33

19.33

3.1

12.5

13.18

2.33

-3.33

0.5

.017
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CHAPTER IV
DISCUSSION

4.1 Post-fledging Habitat Characteristics
The results from the fledgling site measurements show that there are differences between
the measured microhabitat components of juvenile WEWA locations and those of associated
random points. Specifically, the results suggest that leaf litter depth and degrees slope play a
significant role in fledgling habitat selection. These metrics were not pronounced in all fledglings
however, and given the small sample size it is therefore difficult to confidently state the level of
importance that they truly exhibit. LLD and slope are noted in the WEWA BNA species account
(Vitz et al., 2013) as being potential determining characteristics in nest site locations, though
their role in juvenile habitat selection has not previously been investigated. One hypothesis is
that areas of high slope may give fledglings a slight advantage of mobility over their terrestrial
predators, in that they can flee to positions in the understory that are up or down-slope of
potential predators, making their capture more energy-expensive and cumbersome. Fledgling
presence in areas of high LLD could be due to a higher abundance of food items for foraging in
the leaf material, and may aid in predator deterrence by slowing predator movement and causing
noise as a warning. The high LLD may also simply be a correlate of the heavily vegetated areas
in which the fledglings spend their early days.
Shrub layer density and herbaceous cover did exhibit trends suggesting that they likely
play an important role in fledgling microhabitat selection. The mean differences between
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fledgling site and associated random site measurements for these two metrics were consistently
higher at fledgling sites. These indications are not surprising given the apparent use of thick
herbaceous cover for “hiding”, furtive movements and feeding of fledglings by attending parent
birds, as well as the use of dense shrub for inconspicuous movements of fledglings among low,
close branches. Thick herbaceous cover and dense shrub layer can provide excellent concealment
for young WEWAs from predators and the elements. Previous studies suggest that juvenile
mature forest songbirds, including WEWAs, utilize early successional habitat during the postfledging period (Marshall et al., 2003; Pagen et al., 2000; Vitz & Rodewald, 2011; Vitz et al.,
2007). The dense shrub structure characteristic of early successional forest stands would align
with the indication of this study that fledgling WEWAs will be found in areas of higher shrub
density.
It must be acknowledged that the small sample size of this study does not provide for a
robust analysis. A larger sample size would have provided stronger results.

4.2 Nest Site Comparison Between TN and IN
A similar, independent study on WEWAs was conducted in southern Indiana during the
summer of 2016 by Patrick Ruhl, a Ph.D. candidate at Purdue University. Mr. Ruhl’s study on
the association of mature forest birds with early successional habitat during the post-fledging
period included a specific aspect examining Worm-eating Warbler nest site microhabitat
characteristics in southern Indiana. We compared the nest site metrics we gathered for LLD,
shrub density and percent canopy coverage. Unfortunately, our canopy coverage measurement
methods were conducted in slightly different ways so those comparisons could not be reliably
considered. Using RTM, Mr. Ruhl conducted Wilk’s lambda test (a 1-way MANOVA) to test for
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significant differences in the means among groups in comparison with the means within groups.
He then used a Hotelling’s T-test as a multivariate test of differences in means to investigate
whether there were significant differences in microhabitat groups. Significant differences did not
occur in shrub density among TN and IN nest and random sites (Fig. 8), but did occur in LLD.
Mr. Ruhl’s results showed that LLD is greater in TN nests than in TN random points, p = 0.017;
LLD is greater in TN nests than in IN random points, p < 0.001; LLD is greater in IN nests
than in IN random points, p = 0.005; and LLD is greater in IN nests than in TN random
points, p = 0.018 (Fig. 9).
In terms of nest site habitat component comparisons across a geographical gradient, some
differences were seen. The results displayed by Mr. Ruhl show higher leaf litter depths at nest
sites compared to associated random sites in both TN and IN samples, with TN leaf litter depth
being slightly higher than that of IN. The results of the shrub layer vegetation density, while not
experiencing significance, suggest higher vegetative density at both TN and IN nest sites
compared to associated random sites, with density being higher and more varied at TN nests
compared to IN nests and random sites. However, given the small sample size of this study (TN
nests n=6, IN nests n=8), it is difficult to draw any substantive conclusions regarding the
comparison of geographical microhabitat components. A greater number of nest sites in both TN
and IN would contribute to the study and make for a more robust and telling comparison.
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Figure 8 Comparison of shrub layer vegetation density at Tennessee and Indiana nest sites and
associated random sites

Figure 9 Comparison of leaf litter depths at Tennessee and Indiana nest sites and associated
random sites
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4.3 Tracking of Adult Males
During season 2 I captured and affixed transmitters to four adult parent males. Within
half an hour of release three were able to remove the transmitters. I observed one forcefully
tugging the antenna as it extended from his back, and assume that is the method the birds used to
remove the glue-attached transmitters. One male retained his transmitter and was successfully
tracked with two fledglings but the signal was lost after two days. Habitat assessments were
conducted at the locations where the male and fledglings were observed, but were not included in
analysis due to small sample size and adjusted methodology between season 2 and season 3.
During season 3 I captured two adult parent males and affixed transmitters via the leg loop
harness method. One male, with fledglings, was tracking daily for four days before the signal
could no longer be detected. Habitat assessments were conducted at the locations where the
males and fledglings were observed, but were not included in analysis due to the secondary
nature of the observation and the small sample size of the tracked adult group. While tracking an
adult with attendant fledglings serves as a way to observe fledgling location, it cannot be
considered a primary mode of fledgling tracking and observation.

4.4 Fledgling Movements Days After Fledging
Fledglings were located and observed daily. A GPS point was taken with ArcGIS
Collector App at the observed fledgling location and synced to an associated ArcOnline web
map. The mapped points in Figs. 10-13 below show each fledgling’s general movements and
daily locations during the time of tracking. Fledgling 2’s harness and transmitter were discovered
in the herbaceous layer on the fourth day of tracking, with the antenna was lodged in a sticky
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plant substance. There was no sign of a carcass or feathers so it is possible that, with the sticking
of the antenna, the fledgling worked free of the harness. Fledglings 1, 3 and 4 were tracked for
nine, twelve and ten days, respectively. The average daily distance moved of Fledgling 1 was
36.8 m, Fledgling 2 was 54.8 m, Fledgling 3 was 41.5 m, and Fledgling 4 was 62.8. The average
daily distance moved of all fledglings was 49 linear meters. While it is difficult to ascertain
movement patterns from such a small sample size, it can be noted that, with the exception of
Fledgling 2, the birds’ general movements over the course of tracking were in the downhill
direction. Additional study specimens along with a longer tracking period (in days) would be
helpful in determining if down-slope movements are truly characteristic of the post-fledging
period. The loss of a signal after the first week+ of daily tracking could indicate that, once into
the second week of fledging, juveniles begin making longer daily movements, resulting in the
increased difficulty in locating a signal and/or the outright loss of the signal. A study conducted
in Ohio determined dispersal to occur at an average of 21.8 days (Vitz & Rodewald, 2010). The
combination of longer daily movements and complex terrain on the tracking success of small
birds in low, thick vegetation is likely the cause for loss of signal prior to dispersal from the natal
territory. The method of VHF radio tracking used for this (TN) study is discussed below in more
detail.
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Figure 10 Movements of F1 from tagging location at nest to last day of signal

Figure 11 Movements of F2 from tagging location at nest to last day of signal
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Figure 12 Movements of F3 from tagging location at nest to last day of signal

Figure 13 Movements of F4 from tagging location at nest to last day of signal

37

4.5 Tracking Success with VHF Radio Transmitters
At the outset of this study the efficacy of using ultra-lightweight VHF radio transmitters
for tracking small, cryptic juvenile songbirds in heavily vegetated, sloped and rocky terrain was
an unknown. Recent advances in technology have provided researchers with increasingly
lightweight tracking devices, and VHF radio transmitters are now being manufactured that are
small and lightweight enough to be safely affixed to diminutive songbirds, bats and other small
study species. There are limitations associated with the miniaturization of radio transmitters,
namely reduced signal range and lifespan (Millspaugh & Marzluff, 2001). Additional limiting
factors with ground-based tracking can include dense vegetation and uneven (rocky, steep)
terrain (Anders et al., 1998; Millspaugh & Marzluff, 2001; Vitz & Rodewald, 2010). Considering
these factors raised the question of whether the VHF radio tracking of WEWA fledglings
throughout the rugged terrain of the Gorge would prove successful in monitoring daily
movements and exact locations. The 0.31 gram transmitters used (LB-2X model from Holohill,
LLC) have a lifespan range of 13-22 days. The manufacturer estimated the signal range to be
~500 m, but, upon use, was closer to ~300 m within the study area terrain. Obtaining and
following radio signals and gaining visuals on the tracked fledglings did prove challenging. The
steep slope, thick vegetation and abundance of boulders, ledges and similar geomorpholoy,
characteristic of the Gorge, often created bounce or partial blockage of the signal. In such cases
determining the direction of the signal required a trial-and-error approach of walking in different
directions and alternating the angle and position of the antenna until the signal increased in
volume and clarity. This method of tracking proved effective for the first (approximate) 1.5
weeks of tracking after which the signals were lost. An Ohio study on the WEWA post-fledging
period had the use of an airplane for regaining and locating lost signals (Vitz & Rodewald,
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2011), which aided in the extended duration of tracking days. It is likely that the influence of the
Gorge terrain on signal blockage, combined with the fledglings’ longer daily movements at that
stage, is what caused the loss of tracking ability prior to dispersal from the natal territory.

4.6 Anecdotal Observations
Over the course of the study detailed field notes were taken on the observed behaviors of
the fledgling and parent WEWAs. These notes serve to augment the existing information on
breeding season dynamics. Many of the observed behaviors have been described in previous
accounts, and thus are not mentioned in much, if any, detail in this report. Descriptions of
fledgling and adult behaviors are included to serve as additional support to existing knowledge
on this life stage.
Fledglings: Within the first and second days of fledging juveniles were seen making clumsy
burst flights of 10-20 m within the herbaceous and lower shrub forest strata. In the Birds of
North America (BNA) species account (2013), Vitz et al. suggest that, unlike the observations of
this study, young are incapable of flight at the time of departing the nest; however they also
mention that initial burst flight abilities develop quickly after fledging. After the first week of
fledging the young birds’ flight had become stronger and more agile, with the ability to make
direct movements among the lower strata and to perch on small branches in the upper shrub
layer. By days eleven and twelve after leaving the nest fledglings were making long flights of up
to 40 m. Despite their quickly improving locomotive abilities, juveniles were most often in the
herbaceous and lower shrub layers where they perched on small branches and moved about on
foot and by very short, low flights.
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For the duration of the tracking period, the fledglings were quiet, only chipping quietly
and making ‘tseet’ calls in communication with the attending parent. One or two brood mates
could often be heard and occasionally seen within a 20-30 m proximity of the tracked fledgling;
presumably attended by the same parent. During tracking, when an area with fledglings was
approached, the adult bird(s) would chip loudly. The juveniles would answer in soft chips from
their locations in the surrounding vegetation. Fledgling chipping would become slightly louder
and more frequent when being fed by an adult but quickly subsided after receiving its meal.
At the time of fledging the young WEWAs’ natal plumage was a downy, dusky mustard
color for the body feathers, with darker gray along the wings and head. The distinctive WEWA
head stripes were only faintly detectible among the gray “fuzzy” look of the natal feathers. Flight
feathers were short and rectrices were only beginning to develop as pin feathers. By day 12 out
of the nest juvenal, or first basic, plumage was greatly filled in, with well-developed rectrices,
flight feathers and body feathers. The head stripes were darker and more defined, though
markings were not as stark as an adult WEWA.
Adults: As described by Vitz et al. (2013), the parent birds were very protective of their nests
containing young and of fledged juveniles. When nest areas or fledglings were closely
approached adults made loud and frequent alarm chip calls, made veering flights toward the
investigator, and conducted distraction displays along the ground. Not mentioned in the BNA
species account, these defensive techniques would continue even as the investigator moved away
from the nest site or fledglings, as the adults would follow the path of departure, continuing to
chip loudly and conduct distraction displays for up to 20 m.
Adults were observed feeding fledglings for the duration of the tracking period (of up to
twelve days), with each parent bird attending at least one but up to three juveniles. Feeding visits
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were made by the parent to the young approximately every ten to fifteen minutes. Such
interactions would last for roughly 30 seconds, and involved the adult feeding the juvenile and
the birds exchanging quiet ‘tseet’ calls, before the adult flew away.
Adults were observed interacting with other WEWAs as well as other warbler (Hooded
and Black-and-white) species. These interactions took place within the natal territories, and
consisted of in-flight chasing, loud chipping and beak-snapping. Such interactions were shortlived, minimally aggressive, and appeared to be territorial disputes throughout the birds’
overlapping resources.

4.7 Conclusion
This study sought to gain empirical data on WEWA fledgling habitat components, and to
contribute to existing observational information on WEWA life history during the breeding and
post-fledging period. Leaf litter depth and degrees slope, and to a lesser degree shrub density and
herbaceous cover, were microhabitat characteristics that exhibited significant trends in relation to
fledgling presence. These findings were in keeping with suggestions from the Worm-eating
Warbler Birds of North America account regarding the consequential habitat components of this
species; and were the first WEWA post-fledging habitat data to be gathered in the Southern
Appalachian portion of the breeding range. Such information can be utilized when carrying out
forest management activities, in order to best provide for a crucial avian life stage and thus
bolster the conservation success for a species in need of support.
4.7.1 Management Implications
Given that WEWA fledglings have been shown to be present in heavily sloped (average
23°) forest areas with a high percent of herbaceous cover (average 69% coverage) and high shrub
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density (average 52% shrub layer density) in the TN River Gorge, land managers in this region
should seek to protect areas exhibiting these characteristics from large-scale alterations, and
could also promote suitable habitat by altering sloped forest lands to provide such vegetative
components. In cleared or early successional forest stands abutting large tracts of mature sloped
forest, allowing for a dense regeneration of shrubs and herbaceous strata will likely provide
quality habitat for juvenile WEWAs. Abstaining from, or appropriate temporal spacing of,
controlled burns in areas intended to support WEWA breeding habitat may also be an important
factor, as leaf litter depth (average 5 cm) was also a significant element of fledgling sites. Such
actions to promote optimum WEWA post-fledging habitat in the Southern
Appalachian/Cumberland Plateau region may be less appropriate in other portions of the range.
Therefore, land managers in other regions would be wise to conduct similar studies to determine
which habitat components appear most important prior to any major alteration activities. With
any management actions, a cautious approach to habitat alteration is wise considering the myriad
components at play. An intent to improve certain aspects may inadvertently result in the loss of
others; thus, a monitoring plan should be implemented to examine how WEWA numbers
respond over subsequent breeding seasons. Such plans could consist of routine point counts
and/or mist netting throughout the management areas as methods of censusing WEWA presence.
Multiple seasons of monitoring can then show any positive or negative trends in response to
habitat management activities.
It should be noted that this study was conducted entirely within large tracts of contiguous
mature forest. Multiple studies have suggested the importance of early successional stands in
WEWA post-fledging habitat use (Burke et al., 2017; Pagen et al., 2000; Vitz & Rodewald,
2006). In light of such information the maintenance of early successional forest habitat,
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characterized by a dense shrub layer, within larger tracts of contiguous mature forest would
likely benefit juvenile WEWAs during the post-fledging and dispersal life stage.
As additional research on WEWA breeding and post-breeding habitat dynamics is carried
out and that data compiled, management plans can be constructed that are tailored to the
protection and promotion of WEWA life stage success. Often such plans benefit multiple species
that have similar habitat needs, such as Ovenbirds (Seiurus aurocapilla), Wood Thrushes
(Hylocichla mustelina), Black-and-white Warblers (Mniotilta varia) and Hooded Warblers
(Setophaga citrina). An excellent example is The Cerulean Warbler Management Guidelines for
Enhancing Breeding Habitat in Appalachian Hardwood Forests (Wood et al., 2013), as it
demonstrates how extensive and collaborative research on a focal species can be used to develop
a comprehensive habitat management plan; and how such plans can be applied for multi-species
benefits. This project was conducted at seven study sites throughout Tennessee, Ohio, Kentucky
and West Virginia, and investigated how Cerulean Warblers, along with the associated forest
bird community, responded to differing silvicultural treatments as well as unharvested control
areas. The results indicated which forest structures and management methods were most
beneficial for Cerulean Warbler breeding success, and also addressed the responses of the
associated avian community (Wood et al., 2013).
In considering WEWA and other interior specialist songbirds’ breeding and fledgling
habitat needs, the structural complexity of forest stands plays an important role in providing for
various life stages. Managers intending to promote habitat conducive to juvenile WEWA success
should consider the importance of slope, leaf litter depth, dense shrub layer and herbaceous cover
for mature forest and early successional stands.
4.7.2 Future Research
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A larger-scale study on WEWA post-fledging habitat, involving multiple trained
investigators, will be paramount in improving sample sizes and gaining a more robust data set.
Such a study would likely reveal more powerful results regarding the microhabitat components
most responsible for fledgling presence. Including multiple study areas of mature forest, such as
in this study, as well as those containing early successional habitat (i.e. previously harvested
forest plots), to gain a more comparative understanding of how such habitats are utilized during
the post-fledging period would be an important addition. Expanding upon that, multiple study
sites in different stages of forest harvest and age/regeneration would aid in understanding which
successional stages of vegetation structure are most conducive to fledgling presence. Certainly, it
will take multiple studies in multiple portions of WEWA breeding range to attain a thorough
understanding of juvenile habitat components. Studies on WEWA migratory patterns as well as
on wintering habitat and survival (Vitz et al., 2013) will also play an important role in the
holistic understanding and conservation of this species. As such information is collected and
shared, researchers and managers alike can take well-guided steps in protecting and promoting
for WEWA life cycle success; and thus contribute to the strength of global biodiversity as a
whole. From his work Biophilia, E. O. Wilson (1984) states, “to the degree that we come to
understand other organisms, we will place greater value on them, and on ourselves.”
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